Introduction {#j_jomb-2017-0062_s_001}
============

Colorectal cancer (CRC) is the third most commonly diagnosed malignancy and the fourth leading cause of cancer death in the world, accounting for about 1.4 million new cases and almost 700 000 deaths in 2012 ([@j_jomb-2017-0062_ref_001]). In Egypt, GLOBOCAN 2012 showed that colorectal cancer is considered the 8th cancer after breast, liver, non-Hodgkin lymphoma, brain, ovary, leukemia and bladder cancer with an incidence rate accounting for 4% and 3.5% for men and women respectively.

The association between obesity and human malignancies including colorectal cancer (CRC) has been increasingly recognized, but the underlying biological mechanisms are not fully understood. Chronic inflammation, insulin resistance and adipocytokines are contributing factors ([@j_jomb-2017-0062_ref_002], [@j_jomb-2017-0062_ref_003], [@j_jomb-2017-0062_ref_004]).

Adipokines are polypeptide cytokines produced by white adipose tissue, acting not only as local paracrine signaling cytokines, but also at distant levels, through secretion in the circulation ([@j_jomb-2017-0062_ref_005]). In obesity, the hypertrophic expansion of adipose tissue induces local hypoxia, inflammatory activation and reactive angiogenesis, changes which favor tumorigenesis ([@j_jomb-2017-0062_ref_006]). More than 15 adipokines have been reported to be associated with cancers ([@j_jomb-2017-0062_ref_007]). While the circulating levels of proinflammatory adipokines, such as leptin, IL-6 and tumor necrosis factor alpha (TNF-α), are increased in cancers, some others such as adiponectin are protective against tumorigenesis and its serum levels are usually decreased in the patients with cancer ([@j_jomb-2017-0062_ref_008]).

Chemerin is a novel adipokine, which plays an important role in adipogenesis and chemotaxis of the innate immune system ([@j_jomb-2017-0062_ref_009]). Chemerin and its major receptor, CMKLR1, are expressed in white adipose tissue, and circulating levels of this adipokine are elevated in obesity and metabolic syndrome ([@j_jomb-2017-0062_ref_010]). It may link obesity and inflammation since chemerin is a proinflammatory cytokine that recruits and activates immune cells and contributes to inflammation by promoting macrophage adhesion to vascular cell adhesion molecule-1 (VCAM-1) and fibronectin ([@j_jomb-2017-0062_ref_011]). The association of chemerin and cancer is not yet fully understood. Chemerin promotes angiogenesis via inducing matrix metalloproteinase secretion and activity. Therefore, it is thought that high levels of chemerin may have an initiating role in a further process; carcinogenesis, then metastasis ([@j_jomb-2017-0062_ref_012]). Otherwise, chemerin was demonstrated to recruit natural killer cells which are suggested to play a great role in antitumor defense ([@j_jomb-2017-0062_ref_013]). So, in this study we aimed to evaluate the serum levels of chemerin in colorectal cancer patients to understand the possible role of adipocytokines in relation to CRC development and progression.

Subjects and Methods {#j_jomb-2017-0062_s_002}
====================

This is a case-control study including thirty-two patients attending the gastrointestinal endoscopy unit of the tropical medicine department, Kasr El Aini hospital, Faculty of Medicine, Cairo University. All had been diagnosed with CRC after colonoscopy, aged 57.6±6.5 years. Exclusion criteria: no curative medication for CRC; no previous history of malignancy or colorectal operations; no diagnosis of familial adenomatous polyposis or acromegaly; no diagnosis of any inflammatory bowel disease, including ulcerative colitis and Crohn's disease; patients with diabetes mellitus, chronic liver and kidney diseases were excluded. Twenty healthy subjects of comparable age and sex and BMI served as a control group.

All procedures were performed according to the ethical standards of the institutional and national research committee given in the Declaration of Helsinki 1964, as revised in 2013. A written informed consent of participation in the study was taken from all participants. This study was approved by the Committee of Ethics and Research of the university hospital.

Fasting blood samples were collected from all subjects in blank vacutainers, left to clot, centrifuged and the sera were separated and stored at --20° till assay date.

Biochemical analysis {#j_jomb-2017-0062_s_002_s_001}
--------------------

1.  -- Fasting blood sugar was measured by glucose oxidase method (Beckman Glucose Analyzer, Fullerton, CA, USA)

2.  -- Serum cholesterol and TG were measured using an automated system Hitachi 912 analyzer using an enzymatic method. Serum HDL and LDL were measured using an automated system Cobas C 311/501 analyzer using an enzymatic method.

3.  -- Chemerin was measured by a competitive immunoenzymatic method with the commercially available ELISA kits, human chemerin quantikine ELISA kit, supplied by R&D Systems, Inc ([@j_jomb-2017-0062_ref_014]).

4.  -- The CRP levels were determined using a turbidimetric immunoassay (Roche Modular Analytics P800; Roche Diagnostics, Indiana polis, IN).

5.  -- CEA and CA 19-9 were performed using commercial radioimmunoassay kits (CIS Bio International, France).

Statistical analysis {#j_jomb-2017-0062_s_002_s_002}
--------------------

The results were expressed as mean ± standard deviation. The statistical difference between groups was analyzed using Student's *t* test. Pearson's correlation analysis was performed to determine the relation ships between variables. The results were considered significant at *P*\<0.05. ROC curves were constructed to assess reliability of the new marker in detection of CRC lesions. Sensitivity and specificity were calculated in relation to the best cut-off value obtained from the curve. The statistical calculations were done using Statistical Package for the Social Sciences version 15 software, while the presentations were performed using Microsoft Excel 2007.

Results {#j_jomb-2017-0062_s_003}
=======

[Table I](#j_jomb-2017-0062_tab_001){ref-type="table"} shows the anthropometric measurements, biochemical parameters, serum adipocytokine chemerin, CRP, CEA and CA 19-9 levels in the group of patients with CRC (32 subjects) compared with the control group (20 subjects). No significant differences have been observed in age, gender, BMI, FBS, cholesterol, triglycerides, HDL and LDL means among the patients with CRC and controls. Serum chemerin levels were significantly higher (p\<0.001) in CRC patients (377.4 ± 80.3 ng/mL) when compared with controls (87.8 ± 22.01 ng/mL). Serum CRP levels were significantly higher (p\<0.001) in CRC patients (218.48 ± 64.8 nmol/L) compared with the control group (49.05 ± 34.3 nmol/L). CEA levels were significantly higher (p\<0.001) in CRC (15.59 ± 5.63 ng/mL) when compared with controls (1.77 ± 0.47 ng/mL) and CA 19-9 levels were significantly higher (p\<0.001) in CRC patients (130.39 ± 42.7 U/mL) compared with the control group (20.58 ± 7.6 U/mL). [Table II](#j_jomb-2017-0062_tab_002){ref-type="table"} illustrates the correlation bet ween the different studied parameters in patients with CRC. There was a significant positive correlation bet ween serum chemerin levels and CRP (r=0.98, p\<0.001). A significant positive correlation was found between chemerin and CEA levels in patients with CRC (r=0.95, P\< 0.001). There was a significant positive correlation between serum chemerin levels and CA 19-9 in CRC patients (r=0.97, p\<0.001). *[Figure 2](#j_jomb-2017-0062_fig_002){ref-type="fig"}* illustrates serum chemerin levels at different TNM stages of CRC.

###### 

Demographic, anthropometric and metabolic parameters, serum chemerin, CRP, CEA and CA 19-9 in CRC patients and controls (Mean±SD).

                             Controls No=20   CRC patients No=32   P-value
  -------------------------- ---------------- -------------------- ----------
  Age (years)                58.4 ± 7.2       57.6 ± 6.5           NS
  Gender (male/female)       14/6             22/10                NS
  BMI (kg/m^2^)              26.7 ± 5.3       25.8 ± 4.2           NS
  Fasting glucose (mmol/L)   4.52 ± 0.36      4.49 ± 0.43          NS
  Cholesterol (mmol/L)       4.097 ± 0.68     4.048 ± 0.72         NS
  Triglycerides (mmol/L)     2.12 ± 0.55      2.08 ± 0.68          NS
  HDL (mmol/L)               1.199 ± 0.13     1.145 ± 0.14         NS
  LDL (mmol/L)               2.32 ± 0.63      2.24 ± 0.72          NS
  Chemerin (ng/mL)           87.8 ± 22.01     377.4 ± 80.3         \< 0.001
  CRP (nmol/L)               49.05 ± 34.3     218.48 ± 64.8        \< 0.001
  CEA (ng/mL)                1.77 ± 0.47      15.59 ± 5.63         \< 0.001
  CA 19-9 (U/mL)             20.58 ± 7.6      130.39 ± 42.7        \< 0.001

###### 

Correlation between chemerin and other studied parameters in the group of CRC patients.

                         r      p-value
  ---------------------- ------ ----------
  Chemerin and CRP       0.98   \< 0.001
  Chemerin and CEA       0.95   \< 0.001
  Chemerin and CA 19-9   0.97   \< 0.001

![Serum chemerin levels of CRC patients in different TNM stages.](jomb-37-313-g001){#j_jomb-2017-0062_fig_001}

![The ROC curve for serum chemerin in differentiating CRC patients and healthy controls. The area under curve (AUC) value of serum chemerin was 1.00, with 100% sensitivity, 100% specificity at a cut-off value of ≥ 161.5.](jomb-37-313-g002){#j_jomb-2017-0062_fig_002}

Serum chemerin levels were significantly higher in advanced stage patients than those of early stage patients (p\<0.05) \[stage I (275.2±58.7 ng/mL), stage II (365±34.6 ng/mL), stage III (407.4±21.8 ng/mL), stage IV (462.3±45.6 ng/mL).

To assess the performance of serum chemerin as a marker, ROC curves were used to calculate the sensitivity of this marker in separating CRC patients from healthy controls. As shown in *[Figure 2](#j_jomb-2017-0062_fig_002){ref-type="fig"}*, an area under the curve (AUC) value for serum chemerin reached 1.0. With a cut-off value of 161.5 ng/mL, serum chemerin has a sensitivity of 100%, a specificity of 100% and p\<0.0001. These results indicated that serum chemerin is a valuable biomarker for CRC diagnosis.

Discussion {#j_jomb-2017-0062_s_004}
==========

The association of colorectal cancer with the alteration of adipokines in blood has not been fully elucidated. Obesity is linked significantly to adipose tissue dysfunction, and obesity-induced inflammation is thought to be an important link between obesity and colorectal cancer ([@j_jomb-2017-0062_ref_015]). Chemerin is a novel member of adipokines that plays important roles in regulating angiogenesis, cell proliferation and migration, inflammation, chemotaxis, glucose, and lipid metabolism ([@j_jomb-2017-0062_ref_016]). Although the dysregulated expression of chemerin in the tumor tissues has been reported, the results are inconsistent. A probable explanation for these inconsistencies is that the expression of chemerin may vary in different types of cancers, which is a common phenomenon in tumor biology ([@j_jomb-2017-0062_ref_017]). In our study, we demonstrated that the serum chemerin level was higher in the CRC patients than in the control subjects. The same results were observed by Erdogan et al. ([@j_jomb-2017-0062_ref_018]) who reported that higher levels of circulating chemerin, CRP, fibrinogen levels, and ESR values are associated with an increased risk of developing CRC. They reported that inflammation is an important risk factor in carcinogenesis, and chemerin constitutes an interesting candidate as an inflammatory marker.

A great number of studies have demonstrated that adipokines play important roles in tumor angiogenesis, invasion, differentiation, and progression. Wang et al. ([@j_jomb-2017-0062_ref_019]) determined the serum levels of chemerin in gastric cancer patients and healthy subjects to investigate the biological effect of chemerin on gastric cancer cells. Serum level of chemerin was significantly higher in gastric cancer patients than healthy subjects (*P*\<0.01). The elevation of serum chemerin level was associated with advanced clinical stages of gastric cancer. They also reported that chemerin increased invasiveness of gastric cancer cells and induced phosphorylation of p38 and ERK1/2 MAPKs and upregulated VEGF, MMP-7 and IL-6. Inhibition of ERK1/2 phosphorylation abolished the upregulation of VEGF, MMP-7 and IL-6 and the proinvasive effect of chemerin. In another study, plasma chemerin levels were found to be significantly elevated in patients with gastric cancer than in healthy controls and were associated with long-term poor prognosis and survival of gastric cancer patients indicating that chemerin might be a prognostic biomarker in gastric cancer ([@j_jomb-2017-0062_ref_020]). A study by Xu et al. ([@j_jomb-2017-0062_ref_021]) showed that serum chemerin levels were significantly elevated in non-small cell lung cancer (NSCLC) patients compared with the controls, and there was a strong association between high serum chemerin levels and TNM stages, lymph node metastasis, and distant metastasis. Furthermore, NSCLC patients with higher serum chemerin levels had poorer prognosis, suggesting that serum chemerin may be a useful clinical biomarker in the diagnosis, progression and prognostic evaluation of NSCLC. In our study, we obtained similar results, in that chemerin levels are significantly higher in advanced TNM stages of CRC.

Many other studies demonstrated overexpression of chemerin in oral squamous cell carcinoma ([@j_jomb-2017-0062_ref_022]), and oesophageal squamous cancer ([@j_jomb-2017-0062_ref_023]). On the other hand, chemerin expressions are downregulated in melanoma, and hepatocellular carcinoma ([@j_jomb-2017-0062_ref_024], [@j_jomb-2017-0062_ref_025]).

Lin et al. ([@j_jomb-2017-0062_ref_026]) found that HCC patients had much lower serum chemerin levels compared with healthy subjects. Furthermore, chemerin expression at mRNA and protein levels was significantly lower in tumor than paratumor tissues from HCC patients. Their study revealed a novel tumor-inhibitory role of chemerin in HCC by suppressing tumor-associated inflammation. The antitumor immune response is regulated by numerous factors, including cytokines produced by the tumor-infiltrating lymphocytes and activated immune cells (i.e., macrophages, dendritic cells, and lymphocytes). The locally and systemically produced mixture of cytokines plays a pivotal role in the induction of host immune response, which can either block or facilitate tumor growth ([@j_jomb-2017-0062_ref_027]).

Cytokine regulation of human CRC is not clearly understood. The systemic and local cytokine environment may modulate the immunogenicity of colorectal cancer cells and affect antitumor immune function of tumor-infiltrating lymphocytes. Focusing on individual cytokines has generated evidence that proinflammatory cytokines and antiinflammatory cytokines may have a complex role in gastrointestinal carcinogenesis ([@j_jomb-2017-0062_ref_028]).

Today, inflammation is known to be a hallmark of cancer. Chronic inflammation is associated with an increase in cancer risk ([@j_jomb-2017-0062_ref_029]). If the cell proliferation occurs in an environment which is rich in growth factors, inflammatory cells, DNA damage-promoting agents, and activated stroma, it increases neoplastic risk ([@j_jomb-2017-0062_ref_030]). The C-reactive protein predicts reduced survival in gastrointestinal cancer patients and is a well-recognized marker of inflammation ([@j_jomb-2017-0062_ref_031]). Increased CRP concentration has been shown to be a strong independent prognostic factor of CRC ([@j_jomb-2017-0062_ref_032]). In our study, the serum CRP level was significantly higher in CRC patients than control subjects, and it was higher with the advancing TNM classification. There was a positive significant correlation between chemerin and CRP. Our findings are in agreement with the results of several previous studies ([@j_jomb-2017-0062_ref_033], [@j_jomb-2017-0062_ref_021]). Erdogan et al. ([@j_jomb-2017-0062_ref_021]) reported that chemerin constitutes an interesting candidate as an inflammatory marker.

An ideal diagnostic biomarker should have high disease sensitivity and specificity and provide a cut off value with minimal overlap between normal and disease states. In view of that, serum chemerin in this study was revealed as an excellent diagnostic biomarker in discriminating CRC patients from healthy controls.

In the current study, the area under curve (AUC) value of serum chemerin was 1.00, with 100% sensitivity and specificity, and diagnostic accuracy at a cutoff value of ≥ 161.5.

Xu et al. ([@j_jomb-2017-0062_ref_024]) assessed the performance of serum chemerin as a marker in separating NSCLC patients from healthy controls. They reported that at a cut-off value of 1500 pg/mL, serum chemerin has a sensitivity of 62.4%, and a specificity of 67.5%. The combined diagnostic value of chemerin and CEA in NSCLC was further detected. The results showed that the combined detection of these two indices had a sensitivity of 78.3% and a specificity of 84.2%. The combination of chemerin and CEA produced better sensitivity and specificity than chemerin and CEA alone. In another study, ROC curve analysis revealed that serum chemerin has 100% sensitivity and 100% specificity with an area under the curve (AUC) of 1.00 in detecting early stage oral squamous cell carcinoma (OSCC) at a cut-off value of 307 ng/mL ([@j_jomb-2017-0062_ref_034]).

In conclusion, our findings suggest that the adipokine chemerin may have a potential role in the development of CRC and may be a novel and promising biomarker of colorectal cancer and stage progression.
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